The effects of high and medium feed value grass silage or maize silage (MS), each offered with a range of concentrate feed levels, and ad libitum concentrate on the performance of finishing lambs, which were either shorn or unshorn, were evaluated. Three silages were used: 1 medium feed value (MFV) and 1 high feed value (HFV) grass silage (DM digestibility [DMD] of 71.3% and 74.5%, respectively) and 1 MS (DM and starch concentrations of 30.9% and 35.3% DM, respectively). The 3 silages were offered ad libitum with daily allowances of 0.4, 0.8, or 1.2 kg concentrate per lamb. Two additional treatments were: 1) MS supplemented with 0.4 kg of a low CP (LP) concentrate and 2) concentrate offered ad libitum with 0.5 kg/d of HFV grass silage. These 11 dietary treatments were offered to 264 crossbred Suffolk lambs (initial BW = 39.0 kg), half of which were unshorn and half of which were shorn, for a 54-d finishing period, resulting in 22 treatments. Shearing increased forage DMI (P < 0.001) but did not alter (P > 0.05) carcass weight, carcass gain, or ADG, and there was no interaction with dietary treatment. Reducing CP concentration of the concentrate offered with MS did not alter (P > 0.05) feed intake or lamb performance.
Increasing concentrate feed level increased feed DMI and lamb performance (P < 0.001). The linear response in ADG to increased concentrate supplementation was greater (P = 0.012) for MFV than HFV grass silage, and a corresponding difference in carcass gain approached significance (P = 0.075). The linear response was greater for grass silage than for MS for ADG (P < 0.01) and carcass gain (P = 0.019). The response in lamb performance from increased concentrate supplementation was linear for HFV grass silage and MS but quadratic (P < 0.05) for the MFV grass silage, reflecting the large response for this silage when concentrate supplement was increased from 0.4 to 0.8 kg. Relative to the MFV grass silage supplemented with 0.8 kg concentrate, the potential concentrate-sparing effects of the HFV grass silage and MS were 0.16 and 0.32 kg concentrate per lamb daily, respectively. It is concluded that shearing lambs that are housed during finishing reduces the efficiency of the conversion of ME to carcass gain. Maize silage can replace HFV grass silage in the diet of finishing lambs. The total dietary protein concentration for finishing lambs can be reduced to 9% DM without adversely affecting carcass gain.
INTRODUCTION
Lambs completing the finishing phase of production during the winter (period of low grass growth) are offered diets based on concentrate or mixtures of conserved forages and concentrate. In many regions of the world, grass silage is the main conserved forage produced for feeding to livestock during the winter indoor feeding period. Digestibility is the main factor influencing silage feed value (Steen et al., 1988; Keady et al., 2013b) .
Previous studies have shown that partially or totally replacing grass (predominantly Lolium perenne) silage with maize (corn; Zea mays) silage increases the performance of beef cattle (Keady, 2005; Keady et al., 2007a Keady et al., , 2013a and dairy cows (Keady, 2005; Keady et al., 2008a) . Also, Hanrahan (2008, 2009a) reported that maize silage (MS) can replace high feed value grass (predominantly L. perenne) silage in the diet of pregnant ewes.
In a previous study Keady and Hanrahan (2013) concluded that offering concentrate ad libitum can support high levels of performance by finishing lambs and that increasing the feed value of grass (predominantly L. perenne) silage had the same effect on lamb performance as offering up to 0.5 kg/d extra concentrate per lamb. Furthermore, the results of that study showed that the response to concentrate supplementation depended on forage feed value but not forage type (grass or maize).
Shearing pregnant ewes when they are housed for the winter has been shown to increase the birth weight of their progeny without affecting ewe body condition or BW at lambing (Keady et al., 2007a; Keady and Hanrahan, 2009b) because of increased forage intake (Keady and Hanrahan, 2009b) .
The objectives of the present study were: 1) to further evaluate the effects of grass silage feed value and forage type (grass silage or MS) and concentrate feed level on lamb performance, 2) to determine the potential concentrate-sparing effects of the high feed value grass silage and MS, 3) to evaluate the effect of shearing lambs at housing and potential interactions with diet type and thus nutrient intake, and 4) to examine the effects of concentrate CP concentration on the performance of finishing lambs. 
MATERIALS AND METHODS

All animal procedures used in this study
Forages
Maize (Z. mays) silage was produced from the cultivar Surprise grown under the complete-cover plasticmulch system (Keady, 2005) . The maize was planted on 23 April using a Samco maize drill (Samco Engineering Ltd., Adare, Ireland); the resulting crop was harvested on 29 September using a self-propelled harvester fitted with a grain cracker and was precision chopped and ensiled after treatment with an inoculant-based additive containing Lactobacillus plantarum MTD/1 and potassium sorbate (Double Action Ecocorn, Ecosyl Products Ltd., Stokesley, UK) at the rate of 0.4 kg/t, which was discharged into the auger chamber of the harvester.
Two grass silages were produced from herbage harvested from the primary growth of swards that were predominantly perennial ryegrass (L. perenne). The herbage was mown using a mower conditioner (Kuhn FC 302, Kuhn S.A., Serverne, France). The high feed value (HFV) silage was ensiled on 24 May after a 24-h wilt. The medium feed value (MFV) silage was ensiled on 17 June after a 24-h wilt. The grass silages were precision chopped using a trailed harvester (JF FCT 1050 harvester, JF-Stroll, Sondeborg, Denmark) and were treated with a bacterial inoculant containing Lactobacillus plantarum MTD/1 (Ecosyl, Ecosyl Products) at the rate of 3 L/t to supply 10 −6 cfu per gram fresh herbage. The inoculant was applied through a pump applicator and was discharged into the auger chamber of the harvester.
During filling, each silo was consolidated between loads by rolling with an industrial loader. When all the herbage for each treatment had been ensiled and consolidated, 2 polythene sheets (thickness of 0.125 mm) were used to seal each silo. The entire surface was then weighed down with a layer of tires.
Concentrates
Isoenergetic concentrates were formulated to contain CP concentrations of 13% (LP) or 18% (HP) of DM. Published values (Agricultural and Food Research Council [AFRC] , 1993) for CP and ME for individual feed ingredients were used to formulate the concentrates. The ingredient composition of the concentrates is presented in Table 1 . The maize was milled through a 3-mm screen, and the barley was rolled before mixing. Concentrate was offered daily (1000 h) as a loosemixed ration. Lambs offered diets based on grass silage, MS, and concentrate ad libitum received daily allowances of 20, 30, and 20 g/lamb, respectively, of a mineral and vitamin mixture (Ca, 204 g/kg; Cl − , 261 g/kg; Na, 120 g/kg; NH 4 Cl, 125 g/kg; Mg, 2.2 g/kg; P, 0.1 g/kg: K, 0.03 g/kg; Co, 75 mg/kg; Cu, 3.5 mg/kg; Fe, 2178 mg/kg; I, 125 mg/kg; Mn, 2,510 mg/kg; Mo, 25 mg/kg; Se, 5.3 mg/kg; Zn, 2,002 mg/kg; vitamin A, 250,000 IU/kg; vitamin B 12 , 0.5 mg/kg; vitamin D 3 , 50,000 IU/ kg; vitamin E, 500 mg/kg), which was mixed with the concentrate before feeding.
Lambs and Management
Two hundred seventy-six crossbred Suffolk castrate male lambs (initial BW = 39.0 kg, SD = 3.75 kg) were purchased from local markets in the autumn and were managed in 1 group at pasture until the study began. The 276 lambs originated from 33 farms and were allocated to 23 groups of 12 and were stratified by BW while avoiding any confounding between farm of origin and group. One of these groups was randomly chosen for slaughter at the commencement of the feeding study to determine initial carcass weight. The remaining groups of 12 lambs (2 pens of 6 lambs/pen) were allocated at random to 1 of 22 treatments (11 diets × 2 shearing treatments) in a randomized design study from 22 October for 54 d. The 11 diets consisted of the 2 grass silages (HFV and MFV) and MS, each supplemented with the HP concentrate at rates of 0.4, 0.8, or 1.2 kg·d −1 ·lamb −1 ; MS supplemented with the LP concentrate at a rate of 0.4 kg·d −1 ·lamb −1 ; and the final diet, which consisted of the HP concentrate offered ad libitum and supplemented with 0.5 kg·d −1 ·lamb −1 of the HFV grass silage.
The lambs were housed in pens with slatted floors. Before commencement of the study, all lambs were treated for internal and external parasites using Cydectin Triclamox (Pfizer Animal Health, Tadworth, UK), administered orally. The forages were offered once daily; forage and ad libitum concentrate were offered in sufficient quantities to allow a refusal of 5% to 10% as fed. The HFV silage was offered once daily to the lambs on the ad libitum concentrate treatment.
Measurements
Silage and concentrate intake were recorded daily for the duration of the study. Silage DMI was calculated as described by Keady et al. (1994) .
Silage offered and refused was sampled daily for determination of DM (85°C for 22 h). Corrected silage DM was determined as described by Porter and Murray (2001) . Dried samples of offered silage were bulked weekly for the determination of ADF, NDF, and ash. Starch and water-soluble carbohydrate (WSC) concentrations of the MS were determined weekly from 1 sample dried at 60°C. An additional sample of each grass silage was taken once a week and dried at 60°C for the determination of WSC concentration. A further sample of fresh silage, as offered, was taken once a week for the determination of pH and the concentrations of GE, CP, ethanol, propanol, ammonia N, acetate, propionate, butyrate, valerate, and lactate. A sample of concentrate was retained weekly for the determination of oven DM (100°C), CP, ash, ADF, and NDF. The chemical compositions of the silages and concentrate were determined as described by Keady et al. (1998 Keady et al. ( , 1999 . Dry matter digestibility (DMD) and ME concentrations in grass silages and ME concentration in MS were predicted using near-infrared spectroscopy on 1 fresh sample of silage weekly, as described by Park et al. (1998) and the modification of Givens et al. (1995) , respectively.
Initial lamb BW was the mean of 2 weights recorded on 2 consecutive days immediately before the start of the study. Final BW was recorded on the day before slaughter; ADG of each lamb was calculated by difference using the mean of the 2 initial values. Lambs were shorn on the day before the study (after weighing), and the fleeces were weighed. The fleece weight was subtracted from the initial weight in the calculation of ADG. Six lambs per treatment were slaughtered 53 d after the start of the feeding period, and the remaining 6 were slaughtered on d 55. The lambs were stunned, bled immediately after stunning, and eviscerated, and the hide removed at an abattoir approved by the European Union that had routine veterinary inspections provided by the Irish Department of Agriculture, Food and the Marine. Carcass weight was recorded for each lamb at slaughter. Daily carcass gain was calculated for each lamb; the initial carcass weight of each lamb was estimated from initial BW using the relationship between the BW and carcass weight for the 12 lambs in the initial slaughter group. Carcass conformation and fat classification were assigned by abattoir staff on the basis of visual assessment according to the European Lamb Carcass Classification Scheme. There were 5 conformation classes, E (= good), U, R, O, and P (= poor), which were coded as 5, 4, 3, 2, and 1, respectively, for data analysis, and 5 fat classes (1 = leanest to 5 = fattest).
A blood sample was taken from the jugular vein of each lamb on the day before slaughter using Vacutainer (Becton Dickinson, Oxford, UK) tubes (10-mL tubes with lithium heparin for determination of total protein, albumin, globulin, urea, and β-hydroxybutyrate; 4-mL tubes with sodium fluoride and potassium oxalate for determination of glucose, NEFA, and P). Plasma was harvested after centrifugation at 1,350 × g at 4°C for 15 min and was stored at −20°C until assayed. Plasma was analyzed by enzymatic colorimetry on an automated biochemical analyzer (Olympus AU 400, San Diego, CA) using the appropriate reagent kits (Olympus Diagnostics, Crumlin, Co Antrim, Northern Ireland, and Randox Laboratories, Ennis, Co Clare, Ireland ). Blood was analyzed as described by Keady and Hanrahan (2012b) .
Statistical Analysis
Lamb performance and blood data were analyzed using PROC MIXED of SAS (SAS/STAT, version 9.1, SAS Inst. Inc., Cary, NC). For all variables measured on individual lambs, pen and farm of origin were included as random effects, and treatment was included as a fixed effect. Pen was the experimental unit in all tests for the significance of treatment effects. Preexperimental BW was used as a covariate for final BW and carcass weight. Orthogonal polynomials were used to evaluate the linear and quadratic responses to concentrate level for each silage, and orthogonal contrasts were used to evaluate the effects of shearing, forage type, and grass silage feed value on the linear and quadratic responses to concentrate level. The effect of LP supplement with MS was evaluated by the contrast with the corresponding level of HP supplement with MS. Least squares means were also estimated for each silage type (excluding values for MS with LP concentrate) to facilitate assessment of the overall differences among the 3 silages (using the Tukey-Kramer procedure to adjust for multiple comparisons) and comparisons with the concentrate ad libitum treatment. Feed DMI and feed efficiency data were calculated on a pen basis and were analyzed using PROC GLM of SAS (SAS/STAT, version 9.1); the linear model had treatment as a fixed effect. The differences among treatments were partitioned as already described above.
RESULTS
The chemical composition of the concentrates is presented in Table 1 . The two concentrates had similar DM and ash concentrations but differed in CP, NDF, and ADF concentrations. The chemical compositions of the silages are presented in Table 2 . The silages were all well preserved, as indicated by pH and the concentrations of ammonia N and butyrate. The grass silages had different feed values, as indicated by predicted intake potential and the concentrations of ME and CP.
There was no dietary treatment by shearing treatment interaction (P > 0.05) for feed DMI, lamb performance, or blood composition. The effects of shearing treatment on feed DMI, lamb performance, and efficiency of gain during the finishing period are presented in Table 3 . The mean weight of the fleece was 1.2 kg and was not included in the final BW of shorn lambs. Shearing lambs increased the intakes of forage DM (P < 0.001), total DM (P < 0.001), and ME (P < 0.001) and dressing proportion (P = 0.012). Shorn lambs had a lower final BW (P < 0.01) and efficiency of gain (P = 0.024) than unshorn lambs. Shearing treatment did not affect (P > 0.05) ADG, carcass weight, daily carcass gain, carcass fat score, or carcass conformation score.
The effects of forage type and feed value and concentrate CP concentration and feed level on DMI are summarized in Table 4 . The lambs offered the ad libitum concentrate diet consumed less (P < 0.001) forage DM than lambs on any of the other treatments. Increasing concentrate feed level increased (P < 0.001) total 1 Grass = predominantly perennial ryegrass; HFV = high feed value; MFV = medium feed value.
2 Feed-into-milk (FIM) intake (Keady et al., 2004 ) predicted using nearinfrared spectroscopy. DMI and ME intake and reduced (P < 0.001) forage DMI for all 3 forages. There was no evidence for any nonlinearity in the response to concentrate feed level for the intake of forage DM, total DM, or ME with any of the silages. There was an interaction between forage type and the linear response to concentrate feed level for the intakes of ME (P < 0.01), forage DM (P = 0.047), and total DM (P = 0.020). The response to increased concentrate feed level differed between lambs offered MS and those offered grass silage: the decline in forage DMI was greater (P < 0.05) for lambs offered MS, whereas the responses in total DMI and ME intake were less. The interaction between grass silage feed value and the linear response to concentrate level approached significance for the intakes of forage DM (P = 0.053), total DM (P = 0.056), and ME (P = 0.069). Increasing concentrate feed level was associated with a numerically greater response in forage DM, total DM, and ME intake by lambs offered MFV silage than those offered the HFV silage. The CP concentration of the concentrate offered with MS did not affect the intakes of forage DM (P = 0.9), total DM (P = 0.7), or ME (P = 0.7).
The differences among the mean values for the 3 forages showed that intakes of feed and ME were greater (P < 0.01) for lambs offered MS compared with those offered the HFV silage and were, in turn, greater (P < 0.05) for the latter than for those offered the MFV silage (Table 4) .
The effects of forage type and feed value, concentrate CP concentration, and concentrate feed level on lamb performance traits are presented in Table 5 . The marginal means for the 3 silages showed that lambs offered MS or the HFV grass silage had greater ADG and daily carcass gain, final BW, and carcass weight than those offered MFV grass silage (P < 0.01). Lambs offered MS yielded carcasses that received greater fat (P < 0.01) scores than lambs offered either the MFV or HFV grass silage. Compared with lambs offered the MFV silage, lambs offered the HFV grass silage or MS yielded carcasses with greater (P < 0.05) conformation score. Lambs offered the MS had a greater dressing proportion (P < 0.01) than lambs offered the MFV silage. Increasing concentrate feed level increased all lamb performance traits. The response to concentrate feed level was linear for lambs offered the HFV grass a-c Marginal means without a superscript in common differ significantly (P < 0.05).
z Significantly different from zero (P < 0.001).
1 LP signifies that concentrate had a low CP concentration (130 g/kg) compared with 180 g/kg in all other cases. The mean is the marginal mean for each silage, excluding the 0.4 kg/d LP concentrate in the case of maize silage.
2 MFV = medium feed value grass silage; HFV = high feed value grass silage; MS = maize silage.
3 The suffix L signifies a linear response to concentrate (i.e., mean for 1.2 kg minus mean for 0.4 kg); the suffix Q indicates the quadratic component (i.e., the average of means for 0.4 and 1.2 kg minus mean for 0.8 kg). 4 Orthogonal contrasts among the components of the response to concentrate: the first 2 elements for a variable refer to the linear components, and the last 2 refer to the quadratic components; GS = mean of the values for grass silage. a-c Means without a superscript in common differ significantly (P < 0.05).
x-z Significantly different from zero at P < 0.05, P < 0.01, and P < 0.001, respectively.
3 The suffix L signifies a linear term of response to concentrate; the suffix Q is the quadratic response term (i.e., the average of means for 0.4 and 1.2 kg minus the mean for 0.8 kg). 4 Orthogonal contrasts among the components of the response to concentrate: the first 2 elements for a variable refer to the linear components, and the last 2 refer to the quadratic components; GS = mean of the values for grass silage. silage and those offered MS. However, in the case of lambs offered the MFV grass silage, there was a quadratic component for the response in carcass weight (P < 0.01), carcass gain (P < 0.01), ADG (P < 0.05), BW (P < 0.05), and dressing proportion (P < 0.05). There was an interaction between grass silage feed value and the linear response to concentrate feed level for final BW (P = 0.012) and ADG (P = 0.012), and this interaction approached significance for carcass weight (P = 0.081) and carcass gain (P = 0.075). The linear response to concentrate was significantly greater for grass silage than MS for final BW (P < 0.01), ADG (P < 0.01), carcass gain (P = 0.019), and carcass weight (P = 0.019). Relative to the response of lambs offered MS, the linear response of lambs offered the grass silages to increasing concentrate supplementation was greater for final BW, ADG, carcass gain, and carcass weight. The response in dressing proportion to changes in concentrate feed level did not differ (P > 0.05) because of forage type or grass silage feed value.
The CP concentration of the concentrate offered with MS did not alter (P > 0.05) lamb performance, carcass conformation, or fat score. However, reducing the CP concentration of the concentrate offered with MS increased dressing proportion (P < 0.01).
The effects of forage type and feed value, concentrate CP concentration, and concentrate feed level on the efficiency of utilization of ME for carcass gain and the conversion of total DMI to carcass gain are presented in Table 6 . Relative to the MFV silage, the HFV grass silage and MS increased the efficiency of utilization of ME (P < 0.01). The response to increasing concentrate feed level had significant linear and quadratic components for both grass silages, but only the linear term was significant for MS. There was an interaction between the linear response to concentrate feed level and both grass silage feed value (P = 0.012) and forage type (P = 0.01) for efficiency of utilization of ME. Increasing the concentrate feed level resulted in a greater efficiency of utilization of ME when offered with MFV silage than when offered with the HFV silage and with grass silage relative to MS. The pattern of effects in terms of feed conversion ratio exactly mirrored the differences in the efficiency of ME utilization.
The data presented in Fig. 1 show that the potential concentrate-sparing effect of the HFV grass silage and MS declined as concentrate feed level increased. The HFV grass silage and MS supplemented with 0.4 kg concentrate per lamb daily sustained the same daily carcass gain as the MFV grass silage supplemented with 0.58 and 0.66 kg concentrate daily. Therefore, the potential concentrate-sparing effect, per lamb, was 0.18 and 0.26 kg/d for the HFV grass silage and MS, respectively. Similarly, the concentrate-sparing effect of the HFV grass silage and MS supplemented daily with 0.8 kg concentrate per lamb was 0.16 and 0.32 kg/d per lamb.
The effects of forage type and grass silage feed value, concentrate CP concentration, and concentrate feed level on blood components are presented in Table 7 . The average differences among the 3 silages showed that blood a-c Means without a superscript in common differ significantly (P < 0.05).
x-z Significantly different from zero at P < 0.05, P < 0.01, and P < 0.001, respectively. 1 LP signifies that concentrate had a low CP concentration (130 g/kg) compared with 180 g/kg in all other cases. The mean is the marginal mean for each silage, excluding the 0.4 kg/d LP treatment in the case of maize silage.
3 The suffix L signifies a linear response to concentrate; the suffix Q indicates a quadratic response term (i.e., the average of means for 0.4 and 1.2 kg minus the mean for 0.8 kg). 4 Orthogonal contrasts among the components of the response to concentrate: the first 2 elements for a variable refer to the linear components, and the last 2 refer to the quadratic components; GS = mean of the values for grass silage. a-c Means without a superscript in common differ significantly (P < 0.05).
1 LP signifies that the concentrate had a low CP concentration (130 g/kg) compared with 180 g/kg in all other cases. The mean is the marginal mean for each silage, excluding the 0.4 kg/d LP concentrate in the case of maize silage.
2 MFV = medium feed value grass silage; HFV = high feed value grass silage; MS = maize silage. 3 The suffix L signifies a linear term of response to concentrate; the suffix Q indicates a quadratic response term.
4 Difference between silages for corresponding response term; GS = mean of HFV and MFV.
urea concentration was lower (P < 0.01) for lambs offered MS than for those offered either the MFV or HFV grass silage. Regardless of silage type, increasing concentrate feed level resulted in a linear increase (P < 0.01) in the concentration of albumin, glucose, and urea in blood. The interaction between response to concentrate feed level and forage type for the concentration of albumin approached significance (P = 0.056). Increasing concentrate feed level resulted in a numerically greater increase in blood albumin concentration in lambs offered MS than in those offered grass silage. The concentration of protein in the concentrate offered with MS did not affect (P > 0.05) any of the blood components. The effects of shearing on blood composition are presented in Table 8 . Shearing reduced the concentration of NEFA (P = 0.025) and tended to increase the concentration of P (P = 0.060). Otherwise, shearing had no effect (P > 0.05) on blood components.
DISCUSSION'
Results from a previous study in the current series led Keady and Hanrahan (2013) to conclude that increasing grass silage feed value and the maturity of maize (starch concentration in DM from 3.3% to 27.7%) at harvest increased the carcass gain of finishing lambs. It was also concluded that the substitution effect of concentrate increased as forage feed value increased. Previous studies at the Animal and Grassland Research and Innovation Centre have shown that increasing grass silage feed value Hanrahan, 2010, 2012a ) and the maturity of maize at ensiling (Keady and Hanrahan, 2009a) improved the performance of ewes in late pregnancy and the weight of their lambs at birth. The primary objective of the current study was to further evaluate the effects of silage feed value and forage type, concentrate feed level, and potential interactions on the performance of finishing lambs. The MFV grass silage offered in the present study had a feed value similar to the mean of grass silages produced in Ireland (Keady, 2000) . The MS was harvested near the optimum stage of maturity, as determined by DM concentration, to maximize animal performance (Keady, 2005; Keady et al., 2008a Keady et al., , 2013a . The level of concentrate offered in the current study varied from 25% to 90% of total DMI and thus is representative of the range in concentrate feed level used in Ireland and the United Kingdom by commercial lamb finishers.
A second objective of the current study was to evaluate the effect of concentrate CP concentration on lamb performance. The final objective was to evaluate the effects of shearing lambs at housing and potential interactions with diet type and, subsequently, ME intake on animal performance. Daily ME intake varied from 12.0 to 18.9 MJ/lamb.
Effects of Shearing
In the current study ME intake was altered by 58% as a result of diet. Consequently, lamb performance, as determined by carcass gain, varied dramatically. However, there were no shearing by diet interactions for feed DMI or lamb performance traits. Therefore, only the main effects are discussed.
An increase in feed DMI due to shearing at housing has been reported for finishing lambs (Kirk and Alsop, 1989; Black and Chestnutt, 1992) and pregnant ewes (Keady and Hanrahan, 2009b) . The increase is probably associated with the increased heat production required to maintain body temperature. Although body temperature was not recorded in the current study, previous authors (Kirk and Alsop, 1989; Black and Chestnutt, 1992) reported that shearing finishing lambs reduced respiration rate. Kirk and Alsop (1989) reported that in fully fleeced lambs, ambient temperature was significantly and positively correlated with respiration rate. Furthermore, Black and Chestnutt (1992) reported lower rectal temperatures in shorn lambs than in unshorn lambs. Previously, Kennedy (1985) reported that the feed intake of cold-exposed sheep was increased because of an increased rate of eating and clearance of digesta from the rumen.
Feed is the main cost of production in lamb finishing systems. Regardless of diet type used in the present study, and thus the resultant levels of lamb performance, the increased DMI by shorn lambs was not converted to greater carcass gain. The consequent reduced efficiency for the conversion of ME to carcass gain is probably associated with a faster clearance rate of digesta from the rumen (Kennedy, 1985) due to increased DMI, subsequently reducing diet digestibility. Black (1990) reported that shearing ewes reduced the coefficient of energy digestibility from 0.781 to 0.758; thus, the actual increase in ME intake by the shorn lambs in the current study may not be as high as calculated. Also, a greater proportion of ME intake could have been partitioned to heat production following fleece removal, thus reducing the efficiency of ME utilization. The improvement in dressing proportion due to shearing is merely a reflection of the absence of the fleece and thus lower pelt weight at slaughter. The greater P concentration in blood from the shorn lambs reflected the greater P intake due to greater feed DMI.
Silage Feed Value and Type
Digestibility is the most important factor influencing the silage feed value (combination of intake characteristics and nutritive value) and, consequently, the performance of animals offered diets based on grass silage. Steen et al. (1998) concluded that silage intake was strongly related to factors that influence the extent of digestion and rate of passage of material through the digestive system. Although the grass silages used in the current study had similar DM concentrations and fermentation characteristics, they differed in digestibility. Although the mean response in silage DMI to an increase in digestible OM in the DM (DOMD) was 0.024 kg/d per 1% increase in silage DOMD, the effect of digestibility on silage DMI depended on the level of concentrate in the diet. From a review of the literature, Keady et al. (2013b) reported that for diets with forage:concentrate ratios of 80:20, 60:40, and 40:60, each 1% increase in silage DOMD increased daily silage DMI by 0.33, 0.20, and 0.15 kg for dairy cows; 0.09, 0.07, and 0.04 kg for beef cattle; and 0.07, 0.05, and 0.03 kg for finishing lambs, respectively.
From a review of the literature, Keady et al. (2013b) concluded that the impact of silage digestibility on the performance of lactating dairy cows, finishing beef cattle, pregnant ewes, and finishing lambs is dependent on the forage:concentrate ratio of the diet. The response in carcass gain to an increase in silage digestibility in the current study was 14.0, 6.0, and 6.0 g per 1% increase in silage DOMD for diets with concentrate proportions of 0.33, 0.51, and 0.64, respectively. These responses are similar to the responses of 13, 9, and 6 g per 1% increase in silage DOMD for diets consisting, proportionally, of 0.2, 0.4, and 0.6 concentrates, respectively, reported by Keady et al. (2013b) .
Increasing the feed value of grass silage increased ME intake by 4%, and carcass gain was increased by 32%; consequently, the efficiency of utilization of ME for carcass gain increased. Similarly, Steen et al. (2002) and Keady et al. (2008b) , using beef cattle, and Keady and Hanrahan (2013) , using finishing lambs, reported that increasing the feed value of grass silage improved the efficiency of feed utilization for carcass gain.
Results from previous studies have shown that the optimum stage of maturity to ensile maize, in terms of the performance of beef (Keady, 2005; Keady et al., 2013a) and dairy cattle (Keady, 2005; Keady et al., 2008a) , is when the crop has a DM concentration of approximately 30%. Consequently, the maize ensiled for the current study was near the optimum stage of maturity at harvest, as determined by DM and ME concentrations. Keady and Hanrahan (2013) reported a tendency toward greater carcass gain by lambs offered MS that had a DM concentration of 25% at harvest than by those offered MS with DM concentration of 18.5% at harvest. The increased lamb performance from replacing MFV grass silage with MS is similar to the results from previous studies involving dairy cows (Keady, 2005; Keady et al., 2008a) , beef cattle (Keady, 2005; Keady et al., 2008b Keady et al., , 2013a , finishing lambs (Keady and Hanrahan, 2013) , and pregnant ewes Hanrahan, 2008, 2009a) .
Replacing the MFV and HFV grass silages with MS increased ME intake by 17.5% and 13.1% and increased carcass gain by 32% and 8%, respectively. The improvement in lamb performance due to replacing grass silage with MS is reflected in the greater efficiency of feed utilization. Previously, Keady et al. (2007b Keady et al. ( , 2008a Keady et al. ( , 2013a , using beef cattle, and Keady and Hanrahan (2013) , using finishing lambs, concluded that the response from replacing grass silage with MS harvested near the optimum stage of maturity increased the efficiency of feed utilization for carcass gain on the basis of carcass gain per unit of ME intake. However, Keady et al. (2008a) concluded that the response, in terms of milk production by dairy cows, to replacing grass silage with MS was due to increased forage intake rather than to changes in the efficiency of feed utilization.
Effects of Concentrate Feed Level
Increasing the level of concentrate offered increased carcass gain by 141 and 111 g per 1 kg increase in concentrate DMI for the lambs offered the MFV and HFV grass silages, respectively. Consequently, lambs offered the MFV and HFV grass silages required an additional 7.1 and 9.0 kg concentrate DM, respectively, for an additional 1 kg of carcass gain. The response, in carcass gain, to increasing concentrate feed level is similar to that reported by Keady and Hanrahan (2013) for lambs but is greater than that reported for beef cattle in previous studies (Steen et al., 2002; Keady et al., 2007b Keady et al., , 2008b Keady et al., , 2013a . The greater response to increased concentrate feed level with the MFV silage is probably due to the lower concentrate substitution effect (0.32 and 0.53 for the MFV and HFV silages, respectively). It is of interest to note in the current study, as in the study of Keady and Hanrahan (2013) , that increasing concentrate feed level had a linear effect on the substitution effect. Keady et al. (2004) , using dairy cows, and McNamee et al. (2001), using beef cattle, reported that increasing silage intake potential (thus feed value) and concentrate feed level are the major determinants of concentrate substitution rate.
Interaction between Concentrate Feed Level and Silage Feed Value
One of the objectives of the current study was to evaluate interactions between the effects of concentrate feed level and silage feed value on lamb performance. An interaction between grass silage feed value and concentrate feed level has been reported previously for finishing lambs (Keady and Hanrahan, 2013) , finishing beef cattle (Steen et al., 2002; Keady et al., 2008b) , and dairy cows (Ferris et al., 2001; Keady et al., 2008a) and is probably associated with the smaller marginal increase in ME intake per unit increase in concentrate feed level with the HFV grass silage diets. The impact on ME intake is a cumulative effect of substitution rate and the ME concentration of the silages. The ME concentration of the diet of lambs offered the MFV silage exhibited a greater proportional increase as concentrate feed level increased when compared with that of lambs offered the HFV silage. However, in the current study, as in the previous study (Keady and Hanrahan, 2013) , it is interesting that the response in carcass gain to increasing concentrate feed level was linear with the HFV silage and nonlinear with the MFV silage. These contrasting response patterns are probably associated with the greater change in ME intake with the first increment of concentrate supplementation in the case of lambs offered the MFV silage (3.1 vs. 2.3 MJ/d) and the fact that the response in ME intake to the second increment of concentrate feed level (2.6 vs. 2.1 MJ/d) declined faster for lambs offered the MFV silage relative to those offered the HFV silage. The contrasting responses to increased concentrate feed level observed for the grass silages were mirrored in the responses in dressing proportion.
Protein Concentration in the Concentrate
The MS was supplemented with a low CP concentrate with the intention of offering a diet that had a low CP concentration. As the concentrate supplement only accounted for 26% of DMI, varying the CP concentration in the concentrate did not change protein intake dramatically. For the MS diets supplemented with the low and high CP concentrates, total dietary CP concentration, CP intake, and MP supply (calculated using equations in AFRC, 1993) were 9.0% and 10.0% DM, 118 and 130 g/d, and 65.1 and 77.3 g/d, respectively. Although both the low and high protein concentrate diets were deficient in MP supply (AFRC, 1993) by 9.6% and 21.2%, respectively, it is notable that altering MP supply by 11.6% did not change lamb performance. This suggests that the protein requirement may be overestimated in the MP system. In the current study, the MP requirements for maintenance and growth were estimated to be 36.4 and 47.6 g/d, respectively. The response to CP supplementation depends on the stage of maturity of the animal. For example, Orskov et al. (1976) , using early weaned lambs, and Steen (1992) , using growing cattle, reported positive growth responses to increasing concentrate protein concentration. However, Steen and Moore (1989) reported that increasing concentrate protein concentration did not affect the performance of finishing beef steers.
Concentrate-Sparing Effect
The level of concentrate supplementation required with silage-based diets to ensure the achievement of target performance is dependent on the feed value of the silage. When concentrate price is high relative to meat price, one of the potential benefits of increasing silage digestibility is the opportunity to maintain animal performance while reducing concentrate input; this is referred to as the "potential concentrate-sparing effect." In the current study, each of the silages offered was supplemented with 0.4, 0.8, or 1.2 kg concentrate per lamb on a daily basis. The response in daily carcass gain as the level of concentrate supplementation was increased from 0.4 to 1.2 kg was quadratic for lambs offered the MFV grass silage but linear for lambs offered the HFV grass silage and MS, similar to the results of Keady and Hanrahan (2013) . In a previous study, using finishing lambs, Keady and Hanrahan (2013) reported that HFV grass silage and MS had concentrate-sparing effects of up to 0.5 and 0.25 kg/d, respectively. Keady and Hanrahan (2009a) reported that HFV grass silage could Figure 1 . Effect of high feed value (FV) grass silage and maize silage on potential concentrate (conc) sparing effect. The solid line is the response curve fitted to the performance of lambs on the medium FV grass silage. The horizontal dashed and dotted lines represent the mean value for carcass gain for each specific group; when the intersection of these lines with the curve is projected onto the abscissa the potential concentrate-sparing effect relative to medium FV silage is obtained by the difference on the abscissa.
reduce the concentrate requirement of ewes in late pregnancy by at least 80%. Partially replacing grass silage with MS in the diets of finishing beef cattle (Keady et al., 2007a (Keady et al., , 2008b (Keady et al., , 2013a and lactating dairy cows (Keady et al., 2003 (Keady et al., , 2008a had concentrate-sparing effects varying from 0 to 2.5 kg/d per finishing animal and 1.7 to 3.4 kg/d per lactating dairy cow, respectively.
Conclusions
It is concluded that shearing lambs that are finished indoors reduces the efficiency of conversion of ME to carcass gain. Maize silage can replace HFV grass silage in the diet of finishing lambs. The carcass gain response to increasing concentrate feed level is dependent on grass silage feed value. The potential daily concentrate-sparing effect of HFV grass silage and MS is 0.18 and 0.32 kg/lamb, respectively. The total dietary CP concentration for finishing lambs can be reduced to 9.0% of the DM without adversely affecting carcass gain.
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